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Tor a num'ber of '^ears the BACA fllghib-reqeftreli labora- 
tor7 has 'been using a standard procedure f of evaluating 
the aileron charaoteristloB of ftlriplanea^. The purpose of 
this paper Is. to descrl'be the BACA prboedure and to offer 
pertinent . Buggeetlons that .me^y he of value to ethers inter- 
ested In thjB conduct of such tests. 

.VABTABLZS MBASUBBD 

Xhe aileron charaoteri stios are determined "by measur- 
ing the following Tarlahles during flight: 

(1) . Boiling velocity 

(2) Aileron positions 

(3) Aileron' stick force or tang^Bntlal Vheel force 
. . '. j(4) IiiHioated airspeed 

(B) .Altltiid.e 
.. ..(6) Tree-air , tempetatultB . . . | 

(?) Budder .position (optiohal) 

' ' \ ' . 'Boiling yeloelty" 

She, rolling velbolt.y to 'be measured' in. the procedure 
outlined' herein Is' the' maximum following a given a'brupt 
deflection of the ailerons at a given speed. Although an 
instrument from which a time history of the rolling veloo- 
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lt7 throughout the test maneuver can be obtained 1b moat 
desirable, any Instrument capable of measuring only maxi- 
mum angular TelooltleB about the Z airplane axis Is 
normally adequate In using the standard VAOA procedure. 
(She axes referred to heroin are the body axes of an air- 
plane.) Soiling velocity may be satlsfaotorlly measured 
by Instruments utilising the gyroscopic effect for re- 
sponse. In the SACA rolling-velocity recorder a small ' 
flywheel Is rotated at constant speed about its own axis,, 
which Is alined with the Z airplane axis when the In- 
strument Is Installed In an airplane. She flywheel Is 
totally restrained about the Z axis and will always roll 
with the airplane. During rolling, the precesslonal torque 
on the flywheel shaft acting about the 7 axle deflects 
a torsional spring supporting the flywheel frame and this 
deflection Is photographically recorded through a mechan- 
Ical-optloal arrangement. Another method for measuring 
rolling velocity consists In photographing an artificial- 
horizon and a clock reading to 0.01 second with a motion- 
picture camera running at fairly high speed. If the speed 
regulation of the camera Is good, the camera may be used 
for establishing tlte time scale and the clock may be omit- 
ted. She resulting record of angle of bank plotted against 
time Is differentiated to determine the maxljnum rolling 
velocity. Another method for measuring rolling velocity 
oonslsta In photographing the actual horlson during test 
maneuvers. 

Aileron Positions 

She aileron positions to be measured are thoeq at 
trim and those at the defloction used to produce a given 
abrupt roll. Gontrol-poaition recorders should be lo- 
cated In the alrplano wings as oloie to eacH aileron as 
possible and should be connected to the ailerons by inde- 
pendent systems for transmitting motion. Shis installa- 
tion eliminates the errors duQ to play or flexibility in 
the control system that may be incurred if the instrument 
is connected to a cable» tube, oi: cockpit wheel or stick 
control. Stretch in the control ' system can be corrected 
for only if the separate hinge moments on tho ailerons 
are known - a condition not ordinarily achieved in flight 
tests as It la generally much easier simply to meaaure 
the over-all foroe. supplied to the aileron control .system 
by the pilot. If .the af ore-.montioned installatibn ' caqnot 
be used, errors due to' control flexibility may be esti- 
mated from atatic loading tests, wind-tunnel tests, and 
calculations. In some cases ailoron positions may be de- 
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terntaed ty meane of -motl'On-piotuTe osmeraa Bet to photo- 

graph the ailerons. It 1b to 1>e noted that errors due to 

flezlVillty of thel 'oentrol Byrb'em are avoided "by this method 

alBOP;- : '■■ • ■ ■ ■ " 
■■ ' . • 

cyi Ailorbn Oontroi- Toree • ■. 

J, ■■■ . . 

T^hd -Allervn' stick or vheel foroe to he meaBured Is 
"th9 foroe required to hold a given aileron deflection at 
"or near' thd-tlme -of maximum r&lllng velocity In a given 
roll. Voroe recorders or Indicators from vhioh only the 
maximum force that occurred during a maneuver can "be oh- 
talned are unsatisfactory heoause the force required to 
deflect tho ailerons abruptly almost always exeeeds the 
steady force required .to hold the allerone deflected on 
account of control-system Inertia. In,-jnost NAQA flight 
tests iforoos are recorded hy an automatically, recording 
InBtriimont synchronised, with the rolling-velocity recorder. 
When this system' Is no.t uBed, however, It has been found 
that good results may 'bo ehtalned hy using a force Indi- 
cator held between the pilot's hand and the stick or 
wheel. The pilot (or' observed) roads the Indicated force 
required to hold the control deflootod. Brrors encoun- 
tered In the Indicator mfat-hod are fairly small, "because 
the aileron hinge moments remain easentlally constant as 
long as the rolling velocity is near Its maximum value. 

Indicated Airspeed 

Indicated airspeed may he obtained by eu-t email; ically 
recording a measure of the difference between the' static 
and the total pressures developed by a pltot-statlc Instal- 
■la'tl^n ex by Bl'mply:/readlng tjie pilot s al;rBp«ed meter an 
InBt'ant before a test roll Is Initiated. Ixr either -^sase, 
" It Is desirable to' correct the' reading for pltot-st-atlo- 
. position- BtTot ^nd' Instrument.? scale error. 



. Altltitde 

■ * Altlt-u&e 1b measured 'primarily for th» -purpo.ee of de- 
tardiining static pressure In order that. the Indicated air- 
speed dan be converted to true .airspeed. Although a re- 
corUng-'al time ten may be used,. it Is generally sufficient 
to read the:pll0t's altimet-e.r Intmediately- before the rail 
Is made." ' '■ > ■ . 



" ~ Tree-Air temperature 

Tree-alf temperature is also measured primarily for 
the purpose of converting indicated to true airspeed. In- 
dicating instrument s . are nearly always used and their 
readings are corrected for the adiahatic temperature rise 
in some manner that ^^pends on the type of instrument em- 
ployed. If the aileron rolls are made during dives, the 
area and altitude range oqvered should "be surveyed to es- 
tahll'sh free-'air temperatures .immediately hefore or' after 
the test 8. are jnade. 

. • . . ■ ■ . ■ . ■ 

H.uddar Position 

-Budder position Is me.4Bured only to cheek on the cor- 
rectness af the. pilot ixig technique, Tor this reason, no 
great effort.' .ne.ed he made l.n the interests of exactness. 
If the pilot is experienced In the technique Involved, 
the measurement of 'rudder position may he dispensed with. 

rilG-HT EHOOBDUEB 
Lateral-Control Tests 

The TSJiCA. flight procedure for testing lateral control 
may he descrlhed in step-'by-step form -as follows: 

1,, . Pilot trims all cpntrol forco-a t.o zero in straight, 
la.terally level, flight Evt -a predeter.mined indicated air- 
. speedji. 

2. Pilot, very a'b.ruptly moves the aileron control t-o 
a predetermined d'efle.ctlon set .hy a .control stop while 
holding the rudder fixed .In' its .trim position. Five sepa- 
rate aileron de'flectlons in' each direction are ordinarily 
sufficient at a given airspeed; these deflections are 1/4, 
l/S, 3/4, 7/8, and full at all, speeds at which full de- 
flection is perml ssihle . At higher speeds, the foregoing 
deflections are reduced l;i proportion to the reduction In 
maximum allowable aileron deflection. To.r fighter-type 
airplanes,, it 16 usual -to tes.i' the ailerons at- several 
speeds, ranging fr'om slightly a.hove the' stall to a'bout 80 
percent of the perml sslhle . living speed. Tor homhers, the 
upper limit should he somewhat ahbve maximum level-flight 
speed. In the landing condition (flaps and gear down), 
speeds are selected' to cover the permisslhle speed range. 
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3. Pilot allovB roll to progresB until after maxi- 
mum^ Tolllng^ T^loolty hBLB "been reaohed vlthrOut further 
inoveiDeiit of any oontrol. 

.... ^ ■ ■ 

4» Pilot recovers- from maneuver In any .desired, 
manner. : i - 1 ■ " - = ' 

■ ■ , ■■ ' ' . 

..-.11 '! ■ ■' ■ 

' 5. Pilot repeat q prooedxtre after ' resetting -the stop 
>for the' aileron oontral Byeteffl until all x'equlred ■ defleo- 
tlona li'o hoth -Tight a,n4 left have i)een pez'f.ormed at tbfl -. 
same Indicated alrepeed*. - 

- Becommen^Latlons and. c.oJnment6 regarding Jbtie- fligh.t 
technique used. In; the VAGJL procedure follov': 

Trimming all control f or ce b t o apr o, ^ thoi^gh highly 
deelrahle, Iq not an absolute neodBslty, Vhen. the oapa<^ 
hllltles of the trimming -device pefmlt , the .aileron -con- 
trol force should Invariably be trimmed to zero before 
rolls are made. 

Unless otherwise specified, the rolls should be dtart- 
ed from a power-for-lev&l'-f light condition, a-a this condi- 
tion Is most desirably from" the pilot's standpoint. At. .r 
speeds above maximum level-flight speed, normal rated 
power Is generally used. 

Unless the altitude is othervlee specified, it is rec- 
ommended that an altitude of 10,000 -feet be used for rolls 
started from level flight beeaude this altitude has been 
frequently chosen for cQfflparlng rolling .vol ocit les .measured' 
with dlffereni^ airplanes. In making the. tests, ht) waver., 
first" e-bnslderatlon- should be' given tp the smoothness of 
the air ai; various altitudes.' 

As a matter, of Int-erest, results' of SAGA flight tests ' 
Bhow that an abrupt control .deflection cox'reBpondB to mov- 
ing the' ailerons from trim to full deflection in about 0.1 
to 0.3 second. 

In fixing aileron deflection,' a simple method con- 
s.ists in using a chain extending from the top of the con- 
trol stick or the back of a hfind force indicator'' to an 
open hook. fastened . In the side of the .^iletlA compartment; 
the links' of this chain- are malrkdd to give various pre- 
determined aileron deflections. Tor wheel controls, some 
method equally simple can probably be found.- It -Is Impor- 
tant t,hat provision be -made for almost Instantaneous re- 
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moTal of the llmltlag device at: the pilot's vlll. . If "break- 
ing of- the chain .will result In dangeXiOU» control deflec- 
tlonSf It is advlsahle to uee an addiiilonal aheolute stop 
for limiting the greatest permlssl'ble deflection. When- 
ever a method for limiting control deflection Is Installedf 
due regard must he shown for the location of the force- 
measuring device. The force recorder or Indicator must re- 
spond only to hinge. jBomont B transmitted from the ailerons 
dxcept in the case of full aileron deflection - that ISf 
against permament stop In airplane. In this case the meas- 
urement of force Is often dispensed with in the interests 
of simplicity. 

The Importance of holding t-he rudder In its trim po- 
sition during the test maneuver should he emphasissed. If 
the pilot Is allowed to affect the roll by application of 
rudder control, the tost results tend to hecome meaning- 
less.- ■ 

Maximum rolling velocity generally occurs very short- 
ly after the ailerons reach their given deflection from 
trim. 

Allo^on Trim Changes with Speed 

- Tests of aileron characteristics should Include a ■ 
measurement of aileron trim changea with speed for straight 
laterally' level flight conditions. These measurements are 
■made' hy simply trimming the aileron .'control force to lero 
at level-flight speed with rated power with the airplane 
in' the clo&n configuration and then .measuring the aileron 
stick force and aileron angles required to trim the air- 
plane in laterally lovol straight flight at various other 
speeds throughout tho speed. rango, both with rated power 
and with powor off. 

f . ■ 

■ II 

" -Ey^LuiTlDir 'oir.LATZSAI^^'CONTfiOL DATA . . 



The initial, step in oyaluating the data consists in 
.rgduclng ' the flight moesurements to. the following quanti- 
ties for each roll: ... 

(1) Maximum rolling velocity attained Pmax' ^^.6.1- 
. . ans per second. ■ 

(2) . Total aileron d<?fle<jtion u.sed> -6- , degrees. 



Ihls quantity Is the sun of the up and dovn 
- - aileron ddSflectl^fts .from trim.. 

(3) Aileron etlok force at normal etlok grip posi- 

tion or tangential vheel force at rim of 
vheel Vg^, pounds. This quantity Is the dif- 
ference "between the force at trim, vjbloh should 
"be sero, and the force required to hold the 
controla deflected In a given roll. 

(4) Correct Indicated airspeed "7^, miles per hour. 

This item should he defined (see reference l) 
because no definition for the term Is univer- 
sally accepted at the present time. 

(5) True airspeed T, feet per second. 

The second stop consistB in calculating the maximum 
helix angle pl)/2T generated "by the wing tip of the air- 
plane during each roll. In the term ph/aV, /b is the 
wing span in feot and p and T are as defined in items 
(1) and (5), reBpectlvely. 

rinallyt the data are plotted with stick force and 
ph/zV as ordinates against change in total aileron angle 
as the cozmon abBclssa. Data are segregated by using 
different symbols for different indicated airspeeds. This 
plot) together with a knowledge of the wing span, almost 
completely- defines the ailoron characterl etlos of the air- 
plane because pb/3T is independent of altitude and ai- 
leron stick forces are essentially dependent on the indi- 
cated airspeed if effecte of compressibility are neglected. 

Another plot of Interest, particularly when compari- 
sons are made between various airplanes, is a graph in 
which total aileron angle, rolling velocity at a standard 
altitude of 10,000 feet, and pb/2!7 are plotted against 
Indicated airspeed for a set value of control force (30 
and/or 50 lb for stlok controls or 80 lb for wheel con- 
trols) . 

OZL'ZRAL SUOOBSTIOVS 
Aileron Strength Limitations 

In most airplanes previously tested it has been found 
that safe aileron deflections have been automatically in- 
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eurad "by high aileron control feroes. Vlth modern high- 
. apoed airplanes having highly halanoed allerone or 
hooBter-type controle, hoveveri the posalhlllty of break- 
ing the allerono or permanently deforming the vlng struc- 
ture Is greatly Increased - particularly In lateral con- 
trol tests vhen a pilot may attempt to obtain a specified 
deflection of the ailerons regardless of accompanyljig 
control forces. 

Vor these reasons It Is rocommended that before com- 
pletely outlining a test program an analysis of -aileron 
and flng strength be made and deflection limits be ostabl 
llshod for use as a guide In planning tests. Hosults of 
such an analysis may be plotted as maximum allowable ai- 
leron deflections against Indicated airspeed at test alti- 
tude. 

Aileron Interference Effects 

The configuration of the vlngs of the airplane during 
routine aileron tests should be maintained as closely as 
possible to the normal service configuration. During re- 
cent NACA flight tests with one airplane. It was found 
thit mounting a special airspeed boom forvard of one ai- 
leron had a perceptible effect on aileron ef.f ectlTeness 
and a relatively larger effect on aileron stick forces. 
Zven small modifications to the liurface smoothness of the 
wing, such as tapering off sharp edges of a painted In- 
slgnla* gave well-defined changes In stick-force charac- ' 
terlstlos. Vlth these conslderat lens In mind* therefore! 
care should be exercised In mounting test edfulpment in 
order that Interference effects will be minimized or non- 
existent . 
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